Abstract: Based on the phenotypic, micromorphological, and genetic analysis, three species are recognized in the genus Camptotheca Decaisne: C. acuminata Decaisne, C. lowreyana Li, and C. yunnanensis Dode. Camptotheca acuminata consists of three varieties: var. acuminata, var. tenuifolia Fang et Soong, and var. rotundifolia Yang et Duan. Camptotheca lowreyana has three newly developed high CPT-yielding cultivars, namely 'Katie', 'CT168', and 'Hicksii',
SPECIES DEFINITION
The species is the fundamental category of the taxonomic hierarchy. Scientific names of species are binomials consisting of the genus name and the species epithet. However, species concepts have long been the focus of debate among population geneticists, ecologists, taxonomists, and philosophers. Definitions are various and even individual in many cases. Actually, there are gaps between theoretical and practical work at the species level. In other words, defining species as a category and delimiting species in practice are two distinct issues of "the species problem" [1] .
Biologists and geneticists often adopt one of the following concepts. The biological species concept (BSC) developed by Ernst Mayr has been widely recognized, at least in theory. Mayr stated that "species are groups of interbreeding natural populations that are reproductively isolated from other such groups." [2, 3] . The BSC emphasizes reproductive isolation of species. Genetic species concept assumes that the biological factors of gene flow and reproductive isolation are operative, but the way to define species is by a measure of the genetic differences or distance among populations or groups of populations [4] . Evolutionary species concept argues an evolutionary species is a lineage evolving separately from others and with its own unitary evolutionary role and tendencies [4] .
However, these concepts are not actually adopted or rejected by most taxonomists as impracticable. In contrast, plant taxonomists often used traditional morphological or taxonomic species concept (also called the Linnaean, classical, or classical phenetic species concept) in the practice of classification of plants. For example, Cronquist recognized that species are the smallest groups that are consistently and persistently distinct, and distinguishable by ordinary means [5] . Other taxonomists may emphasize a number of significant differences or major morphological discontinuities. Only a few taxonomists state the use of the BSC in their *Address correspondence to this author at the National Center for Pharmaceutical Crops, Arthur Temple College of Forestry and Agriculture, Stephen F. Austin State University, Nacogdoches, TX 75962, USA; Tel: 936-468-2071; Fax: 936-468-7058; E-mail: lis@sfasu.edu classification treatment. In fact, to most plant species, type specimens and their morphological differences are emphasized; and population variations and genetic and development data are rarely studied. Most taxonomists would believe that the morphological differences used for species delimitation do indeed reflect similar degrees of interbreeding and reproductive isolation [4] . In today's taxonomy, the more evidence to support, the better the classification.
Camptotheca Decaisne has been recognized as a monotypic genus since 1873 when the genus was established by Joseph Decaisne. Recently, the genus has been systematically treated. As a result, C. yunnanensis Dode is now recognized as a distinct species, and C. lowreyana, a new species, has been described [6] . Species should be morphologically distinct. At least two correlated qualitative characters in reproductive and vegetative organs (e.g., flowers, fruits, leaves, and branches) can be constantly employed in the delimitation of a species within a genus. Interbreeding is important, but not the only criterion to delimit a species. The "good species" should also be supported by anatomic and molecular data. Thus, species is a useful basic unit in plant management and conservation. Variations within species should be recognized. Populations that have morphological differences insufficient to be distinguished as species but with different ranges or habitats should be recognized as subspecies. Those having similar ranges or habitats should be classified as varieties. Although no single species concept can be applied to all plant species, the same concept should be used within a genus. In this monographic treatment, we used diagnostic (correlated) phenotypic characters (e.g., leaf shape, flower size, fruit color and texture) integrated with developmental, anatomic, and genetic data to delimit species. The data lead to identification of three species and two varieties in Camptotheca: C. acuminata Decaisne (var. acuminata, var. rotundifolia Yang et Duan, and var. tenuifolia Fang et Soong) , C. lowreyana Li, and C. yunnanensis Dode.
In this taxonomic treatment of Camptotheca, investigations have been made in the following fields: (1) study of literature in different languages; (2) examination of over 2,000 sheets of specimens (including types) deposited in major herbaria of the world; (3) years of field investigations and collections in the natural range of the species; (4) 6-year observation of over 5,000 plants representing 100 accessions and 35 provonences in the greenhouse and the field (from seeds to mature trees); (5) measured major morphological (flowers, fruits, seedlings, mature plant branches and leaves) characters of all herbarium specimens and selected living specimens; (6) measured micromorphological traits of pollen, fruit, and leaf surfaces under light microscope, SEM, and remote sensing technology; (7) [7] , is stenopalynous with very little variation among species (unpublished data). Pollen is 3-colporate, suboblate, obtuse-triangular in polar view, 29-38 m (polar axis) 33-54 m (equatorial axis), sexine punctitegillate. Colpi are not very distinct; and colpi margins are provided with nexinous thickenings [8] . At pollen shedding, each sporangium dehisces inwards without forming two cavities. The suture of the anthers is spiral. A ring-like nectary exists between the stamens and pistil. The pistil consists of three (two) carpels with one glabrous two-or three-lobed style. The ovary is inferior, unilocular, with one ovule per locule. Flowers bloom in May-August. Fruits are samaralike, sessile, with persistent disc. Usually 40-65 fruits are grouped in a globose heads (apitula), 12-43 mm long and 3.5-10 mm wide, glossy in fresh, red-brown, gray or graybrown, wrinkled or smooth when dry. The fruit ripens in September-November. Trees begin to bear fruit at 5-10 years of age. Hypocotyl is green or red before appearance of primary leaf. Cotyledons are simple, opposite, pinnipalmate or pinninerved, lanceolate or linear. Three species and two varieties are recognized in the genus. All are native to southern China. The key and comparison of the species and varieties are as follows ( Table 1 (2)).
KEY TO SPECIES AND VARIETIES
1a. Bark thick, deeply furrowed into ridges at maturity; leaf cordate or ovate with the widest point below the blade middle, usually 12-19 cm long and 7-10 cm wide, with 14-18 lateral veins on each side, with greenish and lustrous leaf lower surface; glandular trichomes on the lower leaf surface pandurate, 44-52 m long; leaf stomata larger (mean: 29.33 20.08 m) and more frequent (mean: 263.20 stomata/mm 2 ), outer stomatal rim with outer rings of striae, with more subsidiary cells (usually 5 or 6); flower bracts 1.5-2.0 mm long; petals 1.2-1.5 mm long; fruits, 26-32 (22-43) mm long, gray-brown, nonwithered, smooth, and lucid when dry, with two thin discs; hypocotyl is green before primary leaf appears, cotyledon lanceolate, pinninerved with 6-8 lateral veins on each side . . . . . .C. lowreyana. 1b. Bark thin, brown with reddish-tinged scales or slightly furrowed into flat ridges at maturity; leaf oval, ovate, rounded, or elliptic with the widest point at the middle of the blade, usually with grayish leaf lower surface; glands on the lower leaf surface obelliptic, less than 40 m long, outer stomatal rim with concentric rings of striae; flower bracts >2.0 mm long; petals >2.0 mm long; fruits 20-25 (30) (Figs. 1-3 ).
Common name: Xi Shu (Chinese happytree).
Camptotheca acuminata var. acuminata is a polygamomonoecious deciduous tree. It can reach 40 m in height and 120 cm in stem diameter at breast height under favorable conditions. The trunk is usually without branches for 30 m above the ground. When immature, bark is light gray and smooth, and brown with reddish-tinged scales or slightly furrowed into flat ridges at maturity. Twigs are gray-green, young ones red or green and usually pubescent. Leaves are oval, ovaloblong to oblong-elliptic, slightly pubescent, acuminate, equilateral or cuneate, 14 (10) (Erdtman 1966) . Fruits are usually three thick-winged, 19-25 (12-28) mm long and 3.5-8.0 mm wide, red-brown, withered, and rugose when dry, with 3-8 cm peduncle. Hypocotyl is green before primary leaf appears. Cotyledons are lanceolate 2-4 cm long, about 1 cm wide, pinnipalmate, with 2-3 (4) lateral veins on each side. The species is diploid with 2n = 44 [10] .
Distribution and Ecology
While historically widespread and found throughout southern China at the beginning of the 20th century, it appears at present that C. acuminata var. acuminata now grows naturally only in Guangdong, Guangxi, Guizhou, Hunan, and Yunnan Provinces. According to our survey in 1995, wild C. acuminata var. acuminata is no longer available in Sichuan, Hunan, and most of the eastern provinces. The wild trees were found growing at elevations up to 2,700 m in the Ailo Mountains of Yunnan Province in the early 1980's (Zhongshu Yao, pers. comm. 1995) . Individual trees measured up to 40 m in height and 120 cm in basal diameter. The lowest temperature recorded in these mountains is -10˚C. While at present only a few young trees can be found, their location at such high elevations indicates that these individuals are cold tolerant and may provide the seed source for plantation development in the northern subtropical region. This seems to confirm a need to protect the current wild tree resources in China in order to maintain the broadest possible genetic pool for the variety. Fig. (3) . Camptotheca acuminata Decaisne cultivated in Nacogdoches, Texas, USA.
In China, C. acuminata var. acuminata is one of 84 major afforestation species (varieties). Due to rapid growth in early years, it has been widely planted in the "four-sides" south of the Yangtze River. Sichuan has a long history of plantations and a plentiful supply of trees. However, prior to 1950, foursides plantations in China were established only in the Sichuan Basin (Mianyang, Deyang, Shenfang, Fengzhou, and Anxian). Since 1950, the tree has been planted in the entire eastern half of the province from Yunyang in the east to Tianquan in middle of the province, and from Pingwu in the north to Gulan in the south [11] . Even pure plantations (some 1-5 ha) have been established in the low hills region of the province in the last ten years. Camptotheca acuminata var. acuminata grows well from 400 m to 1,200 m in elevation, but appears to perform best below 700 m elevation. In the Sichuan basin, however, the species is found at elevations up to 1,500 m where the tree occasionally suffers frost damage.
Toward the end of the 19th Century, a French missionary in the Bailu Community, Pengzhou City planted seedlings along a stream. In this favorable environment, the largest trees observed in southern China are among this group of 70 trees. In our 1995 survey we measured the largest in the stand, 40 m tall and 80 cm in diameter at breast height. The elevation is 900 m with annual precipitation of 1,300 mm, average annual temperature of 12˚C, and the minimum annual temperature of 0˚C. At present, the trees are protected by the local government as "Old Trees". In Yunnan, there are an estimated 2 million mature C. acuminata var. acuminata, trees and annual seed production reaching 1,000,000 kg (dry weight). Common name: Yuan Ye Xi Shu (round leaf happytree).
According to the original description, this variety differs from others by having brown bark and rounded and small leaves with fewer lateral veins (4.5-6.5 cm long, 5.5-6.5 cm wide, with 4-7 lateral veins on each side). Flower characters are all in the scope of var. acuminata. No fruit has been collected. The type specimens (Lindong Duan 1001) were collected from Nanxian, Hunan in August 1981. Unfortunately, the holotype deposited in HNNU was lost during a move between buildings according to the curator of the herbarium. Also, the senior author died a few years ago eliminating the opportunity to acquire either confirmation of the original description or additional information about the variety. We designated the isotype deposited at HNUSB as the lectotype under the Article 9.9 of the International Code of Botanical Nomenclature [12] . Common name: Bao Ye Xi Shu (tenuous leaf happytree).
The original description stated that the variety is distinguished from var. acuminata by its longer fruit (3.0-3.2 cm long) and thin and smaller leaves (8-10 cm long, 4-6 cm wide, 11-12 lateral veins on each side).
According to Zipu Soong, the co-author of the variety, there is only one known specimen which was collected on November 4, 1952. Based on this specimen, Fang and Soong published the new variety in 1975. Soong stated that the authors never saw the tree in the field and did not have additional information such as habitat and distribution. In 1995, while visiting the site in Shebei Village, Luogang Community, Huaiji County, Guangdong Province, it was found that the tree from which the type specimen was collected was removed in the late 1980s and that no seedlings or other trees remained. The collector, Bingming Zhang, was the only botanist who saw the living tree. Thus, there is probably no living specimen left in that locality. In the past ten years the forest has been clearcut for crops.
The type specimen was collected in November when leaves are mature. Leaves of the type are not "tenuifolia" as described in the original description. According to the type, the leaf of var. tenuifolia is similar in shape to that in the hybrid between C. acuminata and C. lowreyana but is smaller with fewer veins. The fruit of var. tenuifolia seems more similar to C. lowreyana. This taxon is possibly a hybrid between C. acuminata and C. lowreyana. The DNA markers support this hypothesis. Petals are 1.2-1.5 mm long. The pollen is very similar to that of C. acuminata, measuring 34. 4 (28.6-40.2) m (polar axis) 39. 8 (34.5-42.5 ) m (equatorial axis) in size. According to our examinations, the only significant difference between the pollen of C. acuminata and C. lowreyana is that the pollen of the latter is more oblate. Fruits are two or three thin-winged, gray-brown, smooth and lucid when dry, 26-32 (22-43) mm long and 5-7 mm wide. Hypocotyl is green before primary leaf appears. Cotyledons are lanceolate 2-4 cm long, about 1 cm wide, pinninerved, with 6-8 lateral veins on each side.
Specimen Citation
Camptotheca lowreyana differs from C. acuminata, including all three varieties, by its cordate or ovate leaves with greenish and lucid lower surface, gray-brown, smooth, lucid, and longer fruit (26-32 mm long), and pinninerved cotyledon with 4-7 lateral veins on each side. In contrast, C. acuminata has oval or round leaves with grayish lower surface, yellowbrown, rugose, and shorter fruit (19-25 mm long), and pinnipalmate cotyledon with 2-4 lateral veins on each side, making it distinctly different from C. lowreyana.
The species was named in honor of Mr. Lynn R. Lowrey of Anderson Landscape and Nursery in Houston, Texas (Fig. 5) . Mr. Lowrey, a renowned horticulturist, played a very significant role in initiating Camptotheca studies in the United States as well as encouraging our investigations. 
Distribution and Ecology
Camptotheca lowreyana is found grows in a mixed hardwood forest in Huaiji County, Guangdong. According to the specimens collected from 1930 to 1985, the species was also naturally distributed in Heping, Lianshan, Lianxian, Nanxiong, Qujiang, and Zijin of Guangdong Province, Debao of Guangxi Province, Dongan of Hunan Province, and Nanchuan of Sichuan Province, but no recent collections (after 1985) are available from these areas. The herbarium specimens collected from 1930 to 1973 indicate that the species was cultivated in Dehua of Fujian Province and Guixi, Huichang, Jingganshan of Jiangxi Province. According to our estimate based on the field survey in 1995, however, the wild populations probably number fewer than 500 mature trees. In the Dakengshan Forestry Farm and Shiying Community, Huaiji County, Guangdong, an estimated 30 mature trees were found growing along streams. Most of these appeared overmature at 15-20 m in height and 80-120 cm in diameter. Most of these 30 trees, however, were on the cut list, scheduled for harvest within the next two years. An appeal to spare them was successful. They will be retained and protected as an important genetic resource.
Specimen Citation
nile and maturity stages [13] . The plant can grow up to 3 m. The cultivar has significantly higher CPTs yield (0.4778% at average, on dry weight basis) in young leaves and is more hardy and drought-tolerant than natural Camptotheca taxa [14] . It was named after Katie Northrup of Houston, Texas. (2) Camptotheca lowreyana Li 'CT168' (Fig. 7) 'CT168' is a dwarf mutant of cultivar 'Katie'. Similar to 'Katie', but it is characterized by it smaller heterogeneous leaves, reduced internodes, and profuse branching [15] . It can grow up to 1 m. The mutant has the highest CPT yield among Camptotheca taxa: 0.5890% (on dry weight basis) in young leaves at average. (Fig. 8) A highest CPTs yield cultivar 'Hicksii' is in the process of development. This cultivar was named in honor of Mr. Jack Hicks in Lufkin, Texas for his support to the medicinal plants research. The average CPT concentration in young leaves of 'Hicksii' is 0.5537 % (on dry weight basis) [14] . Dode Figs. (1) , (2) , and (9) in Bull. Soc. Bot. France LV. 651, f. c (1908) . TYPE: CHINA, Yunnan, Delavay no number (holotype: P!).
Camptotheca yunnanensis
Proposed common name: Yunnan Xi Shu (Yunnan happytree) Species affinis C. acuminatae Decaisne et C. lowreyanae Li, a qua differt foliis semi-deciduous elliptic, nervis lateralibus saepissime [12] [13] [14] [15] , samaris canobrunneus lucidis, longioribusque circiter 18-24 mm longis, linear cotyledon pinnatinervis. Fig. (8) . Camptotheca lowreyana 'Hicksii'. Fig. (9) . Camptotheca yunnanensis Dode cultivated in Nacogdoches, Texas, USA.
Camptotheca yunnanensis was described by A. Dode in 1908 based on the specimen collected from Yunnan by Delavay (at Herbarium of Museum of Paris) in September 1888. Dode emphasized that C. yunnanensis has smaller fruit (1.5 cm long). But Wilson (1914) stated that Dode's type specimen showed immature fruits because it was collected in September. C. yunnanensis has never been studied because of its incomplete original description and no further collections. Wilson (1914) simply treated C. yunnanensis as a synonym because he believed that the characteristics of C. yunnanensis were within the variation range of C. acuminata [16] . In 1995, the author identified the living trees cultivated in Yangbi, Yunnan as C. yunnanensis according to the original fruit description. In 1997, the author found the species in Kunming City planted as street trees, and finally discovered wild trees in Xishuangbanna. Based on the seedlings and anatomical study, C. yunnanensis should be recognized as a species separate from C. acuminata.
Camptotheca yunnanensis grows naturally along rivers and streams in Mengyang, Xishuangbanna, Yunnan, China. The species is cultivated as street trees in Yangbi and Kunming, where it has been commonly recognized as C. acuminata . However, there are significant differences that C. yunnanensis distinguish from other taxa in Camptotheca: (1) semi-deciduous, ellptic leaves with 12-15 lateral veins on each side, (2) gray, smooth, lucid, thin three-winged fruits, and (3) red hypocotyl (before primary leaf appears) and linear, pinnipalmate cotyledon. According to our field observations, the leaves of C. yunnanensis are semi-deciduous under both natural and cutivated conditions, and green leaves may remain in the spring of the second year when new leaves appear. This feature of C. yunnanensis remained distinctive when growing together with other taxa in the same greenhouse conditions at SFASU. In addition, there is normally a spring drought in Yangbi, Yunnan, but it apparently has little or no significant influence on total seasonal tree growth. Also, according to our field tests, C. yunnanensis is less cold-hardy than other two species.
